PIPING STRUCTURE 
FOR REFRIGERANT CYCLE SYSTEM OF VEHICLE 



CROSS REFERENCE TO RELATED APPLICATION 
This application is based on Japanese Patent Application 
No. 2003-29942 filed on February 6, 2003, the disclosure of 
which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention is related to a piping structure 
for a vehicle refrigerant cycle system, in which refrigerant 
is circulated between an evaporator of an air conditioning 
unit disposed in a passenger compartment and a refrigerant 
equipment provided in an engine compartment of a vehicle. 

2. Description of Related Art: 

Conventionally, a refrigerant piping of a refrigerant 
cycle system is provided in an upper area of an engine 
compartment in a vehicle. The shape of the refrigerant piping 
is varied depending on a vehicle type. Further, the shape of a 
cowling in the engine compartment is different depending on 
the vehicle type, such as sedan and wagon, even when the same 
platform is commonly used in the vehicles. Accordingly, a 
piping layout of a sedan may not be used in a wagon, which 
uses same platform as the sedan, when refrigerant piping is 
provided in the vicinity of the cowling in the wagon. 
Therefore, same piping layout cannot be commonly used in 



different vehicle type, which use the same platform. 

Therefore, the piping layout differs depending on the 
design and the specification of a vehicle, so that the number 
of the piping parts is increased. Besides, recently 
5 improvement of the appearance of the engine compartment is 

strongly demanded. However, it is difficult to improve the 
appearance of the engine compartment, if the refrigerant 
piping is arranged on the upper side of the engine compartment. 

10 SUMMARY OF THE INVENTION 

In view of the foregoing problems, it is an object of 
the present invention to provide a refrigerant piping 
structure of a vehicle refrigerant cycle system, in which the 
part number of refrigerant piping is effectively decreased and 

15 the appearance of an engine compartment is improved. 

According to the present invention, a piping structure 
of a refrigerant cycle system for a vehicle includes a front 
side member of a vehicle body, which is disposed at one side 
in a vehicle lateral direction on a lower side of an engine 

20 compartment, to extend in a vehicle front-rear direction. The 

piping structure further includes a refrigerant pipe through 
which refrigerant flows for circulating the refrigerant 
between a refrigerant cycle equipment disposed in the engine 
compartment and an evaporator disposed in a passenger 

25 compartment. In the piping structure, the refrigerant pipe is 

arranged in the engine compartment along the front side member. 
Thus, the refrigerant pipe can be arranged in the lower side 
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of the engine compartment^ corresponding to the arrangement 
position of the front side member of the vehicle body. 

M 

Therefore^ the piping structure can be readily used for 
different type vehicles. Accordingly^ the part number of the 
5 refrigerant piping in the engine compartment is effectively 

decreased and the appearance of the engine compartment is 
improved . 

Preferably, the refrigerant pipe includes a suction 
tube for supplying refrigerant from the evaporator to a 

10 compressor of the refrigerant cycle equipment, and a liquid 

tube for supplying liquid refrigerant from the refrigerant 
cycle equipment to the evaporator. In this case, the suction 
tube and the liquid tube are arranged in the engine 
compartment along the front side member. 

15 Specifically, the refrigerant pipe is arranged in a 

recess portion of an inner wall of the front side member, or 
is arranged along an inclined surface of the front side member, 
that is inclined from a corner between the inner wall and one 
of an upper wall and a lower wall of the front side member. 

20 Further, when a piping space is provided at a lower side of 

the front side member in the engine compartment along the 
front side member, the refrigerant pipe is arranged in the 
piping space. Alternatively, the refrigerant pipe is arranged 
an inner wall surface of an engine-mounting base attached to 

25 an upper surface of the front side member. In this case, the 

inner wall surface of the engine-mounting base is generally 
inclined outwardly. Alternatively, the refrigerant pipe can be 
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arranged to penetrate through an inner space between an outer 
wall and the inner wall of the front side member. 

Preferably^ the piping structure further includes a 
low-pressure connection pipe, arranged between the compressor 
and the suction tube, for connecting the compressor and the 
suction tube. In this case, the low-pressure connection pipe 
is arranged at a position separated from the front side member. 
Therefore, the low-pressure connection pipe can be readily 
commonly used for different vehicle types. 

More preferably, the piping structure further includes 
a high-pressure connection pipe, arranged between a condenser 
of the refrigerant cycle equipment and the liquid tube, for 
connecting the condenser and the liquid tube. In this case, 
the high-pressure connection pipe is arranged at a position 
separated from the front side member. Therefore, the high- 
pressure connection pipe can be readily commonly used for 
different vehicle types. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and advantages 

of the present invention will become more apparent from the 

following detailed description made with reference to the 

accompanying drawings. In the drawings: 

FIG. 1 is a schematic perspective view showing a front 

body of a vehicle according to a first embodiment of the 

pr es ent invent ion ; 

FIG. 2 is a schematic diagram showing an example of a 



refrigerant cycle system in which a refrigerant piping 
structure of the present invention is used; 

FIG. 3 is a schematic perspective view showing a part 
of the refrigerant piping structure according the first 
5 embodiment ; 

FIG. 4 is an enlarged view showing a piping structure - 
according the first embodiment; 

FIG. 5 is an enlarged view showing a piping structure 
according to a second embodiment of the present invention; 
10 FIG. 6 is an enlarged view showing a piping structure 

according to a third embodiment of the present invention; 

FIG. 7 is an enlarged view showing a piping structure 
according to a fourth embodiment of the present invention; and 
FIG. 8 is an enlarged view showing a piping structure 
15 according to a fifth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[First Embodiment] 

As shown FIG. 1, a front body 10 of a vehicle includes 

20 front side members 2 and a front cross member 3 that are 

provided at a lower side of an engine compartment 1. The 
engine compartment 1 is provided in the front body 10/ which 
has a monocoque structure. The front side members 2 are 
provided as platform members of the vehicle body. Both ends of 

25 the front cross member 3 are connected with front ends of the 

front side members 2 respectively. Refrigerant pipes 5 are 
provided along the front side member 2, and one side ends of 
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the refrigerant pipes 5 are introduced to a passenger 
compartment 4 through a hole formed in a dashboard 8 of the 
front body. Here, the dashboard 8 partitions the engine 
compartment 1 and the passenger compartment 4 from each other. 

As shown FIG. 2f gas refrigerant is drawn by a 
compressor 101 through a suction hose 162 , and is compressed 
in the compressor 101. The compressed high-pressure 

refrigerant is discharged from the compressor 101 into a 
condenser 102. The condenser 102 performs heat exchange 
between the high-pressure refrigerant discharged from the 
compressor 101 and outside air, so that the high-pressure 
refrigerant is cooled and condensed. The high-pressure 
refrigerant is introduced from the condenser 102 to a 
decompression device through a second liquid tube 161 and a 
first liquid tube 51, so that the high-pressure refrigerant is 
decompressed in the decompression device. The decompressed 
refrigerant is introduced from the decompression device to an 
evaporator 103 of an air conditioning unit 105 disposed in the 
passenger compartment 4. The evaporator 103 performs heat 
exchange between the refrigerant introduced from the 
decompression device and air to be brown to the passenger 
compartment 4, so that air to be blown into the passenger 
compartment 4 is cooled. The refrigerant is introduced from 
the evaporator 103 to an accumulator, and is separated into 
gas-refrigerant and liquid-refrigerant. The gas-refrigerant is 
introduced from the accumulator to the compressor 101 through 
a suction tube 52 and a suction hose 162. Besides, Lubricant 



oil included in liquid refrigerant is returned to the 
compressor 101 through a pipe provided in the bottom area of 
the accumulator. In this embodiment, the refrigerant cycle is 
constructed with the compressor 101, the condenser 102, the 
decompression device, the evaporator 103, and the accumulator 
and the pipe members 51, 52, 61, 62. 

As shown in FIG. 3, the compressor 101 and the 
condenser 102 are disposed in the front area of the engine 
compartment 1. The compressor 101 is provided in the vicinity 
of an engine. The condenser 102 is held in the vehicle body. 
One end of the suction tube 52 is located in the engine 
compartment 1, and is connected with the compressor 101 
through the suction hose 162 (low-pressure connecting pipe). 
Namely, the suction hose 162 is arranged between the 
compressor 101 and the suction tube 52 for connecting the 
compressor 101 and the suction tube 52. One end of the first 
liquid tube 51 is located in the engine compartment 1, and is 
connected with the condenser 102 through the second liquid 
tube 161 (high-pressure connecting pipe). 

Namely, the second liquid tube 161 is arranged between 
the condenser 102 and the first liquid tube (liquid tube) 51 
for connecting the condenser 102 and the liquid tube 51. The 
suction hose 162 and the second liquid tube 161 are arranged 
at a position separated from the front side member 2 (FIG. 1). 

The shape of the suction hose 162 is changed based on 
an engine type, a compressor type, and a layout of components 
in the engine compartment 1. However, the suction hose 162 is 



formed to be flexibly bent^ so that the suction hose 162 can 
be commonly used in different kinds of platforms within the 
bending tolerance of the suction hose 162. The shape of the 
second liquid tube 161 is changed based on layout of 
5 components in the engine compartment 1. The second liquid tube 

161 can be partially replaced by a hose. In this case, the 
second liquid tube 161 can be flexibly bent and can be 
commonly used in different kinds of platforms. 

As shown in FIGS. 1 and 4, a part of the suction tube 
10 52 and a part of the first liquid tube 51 are provided along a 

lower wall member of the front side member 2 in the engine 
compartment 1, and can be commonly used in different kinds of 
platforms. 

The engine (not shown) and the compressor 101 driven 
15 by the engine are disposed in the engine compartment 1. The 

air conditioning unit 105 including the evaporator 103 is 
disposed in the passenger compartment 4. 

As shown in FIG. 4, the front side member 2 is shaped 
in a square pole, i.e., the front side member 2 has a square- 
20 shaped cross section. The front side member 2 has an outer 

wall 21, an inner wall 22, an upper wall 23 (upper surface of 
the front side member 2), and a lower wall 24. A piping trench 
(recess portion) 25 is press-formed in the inner wall 22 
substantially over the length of the front side member 2 in 
25 its longitudinal direction. Namely, the piping trench 25 is 

provided to be recessed from a surface of the inner wall 22 to 
extend in the vehicle front-rear direction. Refrigerant pipes 



-8- 



5 of the refrigerant cycle are arranged in the piping trench 
25 of the inner wall 22 of the front side member 2. 

In this embodiment^ the refrigerant pipes 5 include 
the first liquid tube 51 and the suction tube 52. The first 
5 liquid tube 51 is used for introducing refrigerant to the 

evaporator 103 of the air conditioning unit 105 provided in 
the passenger compartment 4. The suction tube 52 is used for 
introducing refrigerant from the evaporator 103 to the 
compressor 101 provided in the engine compartment 1. The first 

10 liquid tube 51 and the suction tube 52 are made of aluminum^ 

and secured in the recessed bottom portion of the piping 
trench 25 by using brackets 53. 

The refrigerant pipes 5 are arranged to pass through 
the piping trench 25 of the front side member 2, at an initial 

15 state of designing work. Therefore, the piping structure in 

the front side member 2 can be commonly used in different 
kinds of cars, which use the same platform. Thus, the 
refrigerant pipes 5 can be constructed with standardized parts, 
and the refrigerant pipes 5 can be provided in a lower area of 

20 the engine compartment 1. As a result, manufacturing cost with 

the refrigerant pipe structure can be reduced, and appearance 
of the engine compartment 1 can be improved. 

According to the first embodiment of the present 
invention, the refrigerant cycle system includes a refrigerant 

25 cycle equipment provided in the engine compartment 1, and the 

evaporator 103 provided in the passenger compartment 4. The 
refrigerant cycle equipment provided in the engine compartment 
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1 includes at least the compressor 101, the refrigerant pipes 
5, and the condenser 102. The compressor 101 compresses 
refrigerant flowing from the evaporator 103. The suction tube 
52 is for supplying refrigerant flowing from the evaporator 
5 103 to the compressor 101. The liquid tube 51 is for supplying 

liquid refrigerant flowing from the refrigerant cycle 
equipment (condenser 102) to the evaporator 103. The condenser 
102 cools and condenses refrigerant discharged from the 
compressor 101. 

10 The piping structure in the present invention includes 

the front side member 2 of the vehicle body and the 
refrigerant pipes 5 . The refrigerant pipes 5 include the 
suction tube 52 and the liquid tube 51, and are arranged in 
the engine compartment 1 along the front side member 2. The 

15 front side member 2 is disposed at one side in the vehicle 

lateral direction at a lower position in the engine 
compartment 1. The front side member 2 extends in the vehicle 
longitudinal direction (front-rear direction). Refrigerant 
flows through the refrigerant pipes 5 for circulating the 

20 refrigerant between the refrigerant cycle equipment and the 

evaporator 103. 

Accordingly, in the first embodiment, the refrigerant 
piping structure can be made simple, and the appearance of the 
engine compartment 1 can be improved. 

25 [Second Embodiment] 

As shown in FIG. 5, an inclined wall surface 26 is 
formed on the inner wall 22 inside of the front side member 2. 
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The inclined wall surface 26 can be formed to be inclined from 
an upper corner between the upper wall 23 and the inner wall 
22^ as shown in FIG. 5. Alternatively^ the inclined wall 
surface 26 can be formed to be inclined from a lower corner, 
5 between the lower wall 23 and the inner wall 22. The first 

liquid tube 51 and the suction tube 52 are arranged along the 
inclined wall surface 26, and are secured with brackets 53. 

In the second embodiment, the other parts are similar 
to those of the above-described first embodiment. Therefore, 

10 the advantages described in the above-described first 

embodiment can be obtained. 
[Third Embodiment] 

As shown in FIG. 6, the refrigerant pipes 5, which 
include the first liquid tube 51 and the suction tube 52, are 

15 arranged along a piping space 27. The piping space 27 is 

formed in a lower area with respect to the lower wall 24 of 
the front side member 2. Namely, the piping space 27 is 
provided at a lower side of the front side member 2 in the 
engine compartment 1 along the front side member 2. In this 

20 case, preferably, a cover 54 is provided for protecting the 

refrigerant pipes 5 from stones bouncing from below of the 
engine compartment 1. 

In the third embodiment, the other parts are similar 
to those of the above-described first embodiment. Therefore, 

25 the advantages described in the above-described first 

embodiment can be obtained. 
[Fourth Embodiment] 
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As shown in FIG. 1, engine-mounting bases 6 are 
provided on the upper wall 23 of the front side member 2, for 
mounting the engine of the vehicle. Inner wall surfaces 61 of 
the engine-mounting bases 6 are outwardly inclined, so that a 
5 piping space 62 is formed on the inner side of the engine- 

mounting base 6. The first liquid tube 51 and the suction tube 
52 are disposed in the piping space 62, and are fixed to the 
inner wall surface 61 by using the bracket 53. Namely, the 
refrigerant pipes 5 are arranged on the inner wall surface 61 
10 of the engine-mounting bases 6. In this embodiment, it is not 

necessary to change the design of the front side member 2, for 
mounting the tubes 51, 52. Thus, design of the engine-mounting 
base 6 is only changed, so that the piping space 62 can be 
provided . 

15 In the fourth embodiment, the other parts are similar 

to those of the above-described first embodiment. Therefore, 
the advantages described in the above-described first 
embodiment can be obtained. 
[Fifth Embodiment] 

20 As shown in FIG. 8, holes 28, 29 are opened in the 

inner wall 22 that is arranged inside of the outer wall 21, in 
the front side member 2. The refrigerant pipes 5 pass through 
the inner space between the outer wall 21 and the inner wall 
22 inside the front side member 2. Namely, the refrigerant 

25 pipes 5 are arranged to penetrate through the inner space 

between the outer wall 21 and the inner wall 22. 

Accordingly, the inner space of the front side member 
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2 can used as a piping space. The piping structure in this 
embodiment is constructed by efficiently using the dead space 
formed in the front side member 2. Therefore^ the fifth 
embodiment is most advantageous to improvement of the 
5 appearance of the engine compartment 1 and enhancement of the 

product value of the vehicle. The holes 28, 29 can be formed 
in the upper wall 23. Preferably, grommet sleeves 55 are 
provided in the holes 28, 29 for protecting the holes 28, 29 
from water and dust. 

10 In the fifth embodiment, the other parts are similar 

to those of the above-described first embodiment. Therefore, 
the advantages described in the above-described first 
embodiment can be obtained. 

Although the present invention has been fully 

15 described in connection with the preferred embodiments thereof 

with reference to the accompanying drawings, it is to be noted 
that various changes and modifications will become apparent to 
those skilled in the art. 

For example, in the above-described refrigerant cycle 

20 system, the accumulator is provided at the suction side of the 

compressor 101. However, the accumulator is not necessarily 
provided. Further, a gas-liquid separator can be provided 
between the decompression device and the condenser 102. 

Such changes and modifications are to be understood as 

25 being within the scope of the present invention as defined by 

the appended claims . 
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